Abstract: The photodetachment spectrum of HHfO -was simulated using restricted-spin coupled- Comparisons between simulated and experimental spectra confirm the assignments of the molecular carrier and electronic states involved, but suggest that the experimental vibrational structure has suffered from poor signal-to-noise ratio. An alternative assignment of the vibrational structure to that suggested in the experimental work is presented.
Introduction
Recently, Li et al. 1 reported the negative ion photoelectron (or photodetachment) spectra of ZrO -, HfO − , HfHO − and HfO2H
-.This investigation is one of numerous, recent computational and/or spectroscopic studies 2, 3, 4, 5, 6, 7, 8, 9, 10 published on the group IVB transition metal (Ti, Zr and Hf) oxides, which have important industrial and technological applications, notably in catalytic processes, and the nuclear and electronics industries (see references 1 to 10, and references therein).
In reference 1, the photodetachment spectrum of HfHO -gave an electron affinity (EA) of 1.70 ± 0.05 eV, and the structural connectivity of HfHO and its anion were proposed to be H-Hf-O rather than Hf-O-H. The experimental spectrum showed a strong first component (the EA, labelled as A in reference 1) and two other weaker components to higher binding energy (labelled B and C). The A-B and B-C separations were measured as 730 cm -1 . To our knowledge, there are only two other studies available on HHfO. Both are infrared argon matrix studies, 11, 12 which assign the observed vibrational absorptions of ~1627 and ~903 cm -1 to the HHf and HfO stretching modes of HHfO. 
Computational details
Geometry optimization calculations were carried out on the X 1 Aʹ state of HHfO -and the X 2 Aʹ state of HHfO using the restricted-spin coupled-cluster single-double plus perturbative triple {RCCSD(T)} method, 13 as implemented in MOLPRO. 14 
Results and discussion
Optimized geometrical parameters, computed harmonic and fundamental vibrational frequencies, and computed EAs obtained at different levels of calculation are summarized in Table 2 . First, the (1) 2 Aʺ state of HHfO, which has not been studied previously, has a computed EA of 4.94 eV at the RCCSD(T)/AVQZ level. Since this value is considerably larger than the photon energy of 3.45 eV used in reference 1 to record their photodetachment spectra, this electronic state will not be further discussed.
From Table 2 , it can be seen that there are relatively large differences between the optimized geometrical parameters obtained with the default frozen core using the AVQZ basis set and with the Hf 5s 2 5p 6 core electrons included in the correlation calculation using the AwCVXZ, X = Q or 5, basis sets. Specifically, the largest differences in the computed bond lengths and angles between Table 2 ) in the calculation of the anharmonic vibrational wavefunctions and energies. In practice, the differences in the computed vibrational frequencies between using the two atomic masses of Hf, as shown in Table 2 , are negligibly small, except for the computed HHf fundamental frequencies of HHfO (vide infra). Hence, from here onward, vibrational results to be discussed are those obtained using the average atomic mass of Hf.
From Table 2 , as shown by the differences between the computed harmonic and fundamental frequencies obtained in the present study, anharmonic effects are significant, especially for the HHf Figure 1 . The simulated spectrum at 1000 K with a FWHM of 35 meV is given in the supplementary material ( Figure S1 , bottom trace; the top trace is the experimental spectrum of reference 1). The simulated photodetachment spectrum at 500 K with a FWHM of 40 meV is shown in Figure 2 (bottom trace).
This simulated spectrum is considered as having the best match with the experimental spectrum Nevertheless, comparing with the simulated vibrational structure, the sub-structure in feature B may be assigned to the 30 1 and 20 1 vibrational components at 1.76 and 1.82 eV respectively.
Summarizing, the spectrum assignment to HHfO -has been confirmed, and based on our simulated vibrational structure, more detailed and credible assignments of the experimental vibrational structure in the photodetachment spectrum of HHfO -than given in reference 1 have been proposed.
Conclusion
High level ab initio calculations were carried out on the ground electronic states of HHfO and its anion, and FCFs between the two states involved were computed including allowances for 
